Abstract In a cross-sectional analysis, we evaluated the associations of usual total alcohol and wine intake with a comprehensive profile of mid-luteal phase urinary estrogens and estrogen metabolites (referred to jointly as EM) in a sample of 603 premenopausal women participating in the Nurses' Health Study II (NHSII). A total of 15 individual EM (pmol/mg creatinine) were measured by a liquid chromatography/tandem mass spectrometry (LC-MS/MS) method with high accuracy and reproducibility. We used linear mixed models to calculate the adjusted geometric means of individual EM, EM grouped by metabolic pathways, and pathway ratios by category of alcohol intake with non-drinkers of alcohol as the referent. Total alcohol intake was not associated with total EM but was positively associated with estradiol (26 % higher among women consuming >15 g/day vs. non-drinkers; P trend = 0.03). Wine consumption was positively associated with a number of EM measures including estradiol (22 % higher among women consuming ≥5 drinks/week vs. non-drinkers, P trend < 0.0001). In conclusion, the total alcohol intake was positively and significantly associated with urinary estradiol levels. Some differences in urinary estrogen metabolites were observed with wine drinking, when compared with non-drinkers. This study strengthens the evidence that alcohol consumption might play a role in breast cancer and other estrogen-related conditions. Additional studies of premenopausal women are needed to further explore the association of alcohol, particularly the specific types of alcohol, on patterns of estrogen metabolism in blood, urine, and tissue.
Introduction
Alcohol consumption is common among women in many countries [1] and has been positively and consistently associated with increased breast cancer risk in epidemiologic studies [2] [3] [4] [5] . In 2010, the World Cancer Research Fund/American Institute for Cancer Research Continuous Update Project Panel judged that there was convincing evidence that consuming alcoholic drinks increases the risk for both pre-and postmenopausal breast cancer [6] . Meta-analyses of cohort studies showed a 9 % increased risk for premenopausal and an 8 % increased risk for postmenopausal breast cancer per 10 g ethanol/day [6] . To date, a biological mechanism for the association has not been clearly identified. There is some evidence that alcohol may influence the levels of sex hormones associated with increased risk of breast cancer, even at lower levels of alcohol intake; however, results have not been consistent across studies [7] [8] [9] [10] . Supporting evidence derives from Heather Eliassen and Regina Ziegler are co-last authors. studies suggesting that alcohol ingestion has substantial effects on menstrual cycle characteristics, with non-drinkers more likely to experience longer and more irregular cycles [11] [12] [13] .
The parent estrogens, estrone, and estradiol are metabolized by irreversible hydroxylation at the 2-, 4-, or 16-positions on the steroid ring [14] . In part, interest in estrogen metabolites (EM) may derive from the evidence that they may have different roles in breast carcinogenesis. Laboratory experiments have suggested several mechanisms by which individual estrogen metabolites might be carcinogenic. For example, EM have demonstrated distinctive biologic effects on the proliferation, apoptosis, and markers of metastasis in human breast cancer cell lines [15] . In laboratory experiments, 2-hydroxyestradiol did not affect proliferation or apoptosis, yet 4-hydroxyestradiol and 16α-hydroxyestrone increased proliferation and decreased apoptosis similarly to estradiol, albeit at noticeably higher concentrations [15] . Estrogen metabolites are also thought to differ in their capacity to promote DNA damage. In human mammary epithelial cells, 2-and 4-catechols can generate reactive oxygen species leading to DNA damage [16] while methylated catechol estrogens may induce apoptosis, thereby inhibiting tumor growth [17] . Understanding the role of modifiable lifestyle factors, like alcohol ingestion, on estrogen metabolism may be central to fully comprehending their involvement in the risk of breast carcinogenesis. Studies of the influence of alcohol consumption have focused on parent estrogens but neglected estrogen metabolism. Recent scientific advances have led to the precise and accurate quantification of 15 estrogens and estrogen metabolites (all 15 referred to as EM) using liquid chromatographytandem mass spectrometry (LC-MS/MS) methods [18, 19] . We evaluated the relationship of alcohol consumption, including the types of alcoholic beverages, with luteal phase urinary concentrations of individual EM, EM grouped by metabolic pathway, and selected pathway ratios in a large wellcharacterized cross-sectional sample of premenopausal women participating in the Nurses' Health Study II (NHSII).
Methods

Study Population
This study was approved by the Committee on the Use of Human Subjects in Research at Brigham and Women's Hospital (Boston, MA). Briefly, the NHSII was established in 1989 when 116,430 female registered nurses 25-42 years of age were enrolled in the cohort and completed baseline questionnaires [20] [21] [22] [23] [24] [25] [26] . Participants have completed biennial questionnaires to update exposures and collect health and disease information since enrollment. Between 1996 and 1999, cancer-free participants between the ages of 32 and 54 were asked to provide blood and urine samples. Of the 29,611 samples collected, 18,521 were from premenopausal women who had not used oral-contraceptive agents, been pregnant, or breastfed in the past 6 months before collection, and were timed within the menstrual cycle. Blood samples were collected in the follicular and luteal phase, while urine samples were collected in the mid-luteal phase, approximately 7-9 days before the expected onset of the next cycle [27] . Approximately 97 % of participants returned a postcard reporting the first day of their next cycle after the urine collection to facilitate the calculation of the luteal day of collection (date of next menstrual cycle minus that of urine collection). Urine samples were packaged with an ice pack and returned to our laboratory via overnight courier, with 93 % of samples arriving within 26 h of collection. Urine samples were aliquoted into cryotubes without preservatives and stored in liquid nitrogen freezers. This cross-sectional analysis includes premenopausal women who provided a luteal urine sample and were participants in a reproducibility study (n = 110) or were selected as controls in a nested case-control study (n = 493) [24, 25] . At the time of urine collection, women were also free of other cancers (with the exception of non-melanoma skin cancer).
Exposure and Covariate Data
Alcohol consumption data were collected as part of detailed food frequency questionnaires (FFQs) administered in 1991 and every 4 years thereafter. Participants estimated food and beverage intakes, including alcohol consumption, using the previous year as a time referent. The 1995 and 1999 data were considered; however, the 1999 alcohol data were available for more participants and aligned more closely with the urine sample collection and were used in our analyses. When we evaluated the average of 1995 and 1999, our results were unchanged.
Participants indicated their average intake over the past year of white wine (4 oz glass), red wine (4 oz glass), regular beer (one glass, beer, can), light beer (one glass, beer, can), and liquor (one shot or drink), with possible choices ranging from Bnever or less than once a month^to B6+ per day^. Total alcohol intake (g/day) was estimated by summing daily servings of each beverage multiplied by the average alcohol content of each beverage (12.8 g for regular beer, 11.3 g for light beer, 11.0 g for wine, 14.0 g for spirits). Wine intake was analyzed without differentiation as white or red because separate analyses would have led to small numbers at the higher intake levels and substantial overlap especially at lower intakes. Liquor and beer were included in total alcohol consumption but consumption was low with limited variability; therefore, these were not analyzed as sub-types of alcohol exposure. Total alcohol (g/day) and wine (drinks/week) were each categorized for analysis with non-drinkers of any alcohol as the referent group throughout the analyses. Total alcohol intake was modeled in 5-g/day categories while wine was modeled as servings per week or day.
Data on potential covariates were collected at baseline, on the biennial study questionnaires, and at the time of the urine collection. These included height (1989), usual menstrual cycle length and pattern (1993), parity (1997), age at first birth (1997), physical activity (mean of 1997, 2000; MET-h/week), caffeine intake (mean of 1995, 1999), and smoking status (1997). The biospecimen questionnaire provided information on current age (continuous) and weight (to calculate BMI, kg/ m 2 ), fasting status, date and time of the urine collection, and whether the collection was a first morning void (most were).
Urinary Laboratory Procedures
A 500-μL frozen urine sample was shipped to the Laboratory of Proteomics and Analytical Technologies, SAIC-Frederick, Inc. (Frederick, MD) for the estrogen metabolism (EM) assay. The details of the assay have been reported previously [18, 19, 26] . Briefly, the assay includes an initial enzymatic hydrolysis step with β-glucuronidase/sulfatase from Helix pomatia and quantitation by liquid chromatography-tandem mass spectrometry (LC-ML/MS). The lower limit of detection for each of the estrogen metabolites (EM) is approximately 150 pmol/mL urine. Laboratory coefficients of variation (CV), including within-and between-batch variation, were less than 7 %, with the exception of the two estrogen metabolites with the lowest concentrations, 4-methoxyestrone (17 %) and 4-methoxyestradiol (15 %).
Urinary creatinine was measured at one of three laboratories with an overall CV of ≤9.2 % and used to adjust estrogen metabolite concentrations (pmol/mL) for urine volume resulting in picomoles per milligram (pmol/mg) creatinine for the total, individual, and metabolic pathway groups of EM.
Statistical Analyses
We calculated total EM levels by summing all 15 individual EM. Metabolites were also evaluated individually, grouped by metabolic pathway (e.g., methylated catechols, 16-hydroxylation pathway), and as pathway ratios. All values were log-transformed to improve normality. Statistical outliers were identified using the extreme studentized many-deviate procedure [28] , resulting in the exclusion of 0-9 outliers for most EM, except 2-methoxyestradiol (16 outliers).
We used linear mixed models to calculate the adjusted geometric means of EM, pathway groups, and ratios by category of alcohol intake with non-drinkers of any type of alcohol as the referent. Final models were adjusted for age (continuous), body mass index (BMI, kg/m 2 , continuous), height (continuous), first morning urine sample (yes/no), luteal day at urine collection (≤5, 6-7, 8-9, ≥10 days before next menstrual period), ovulatory cycle (yes/no), menstrual cycle pattern (extremely regular, very regular, regular, usually/always irregular), caffeine intake (quartiles), physical activity (<3, 3-8.9, 9-17.9, 18-26.9, 27-41.9, ≥42 MET-h/week), tobacco use (current/former or never), and menstrual cycle length (<26, 26-31, ≥32 days). Tests for linear trend were conducted by modeling the median of the exposure categories as a continuous variable. In addition, we examined potential effect modification by creating interaction terms between dichotomous age (<43 vs. ≥ 43 years) and BMI (<25 vs. ≥25 kg/m 2 ), separately, and medians of exposure categories. The statistical significance of these interaction terms was determined by evaluating the Wald statistic in models that included all women. Finally, we conducted sensitivity analyses restricted, separately, to ovulatory women based on luteal plasma progesterone levels (≥400 ng/ dL) measured at the time of urine collection (n = 537), women who had not smoked in the 30 days prior to urine collection or reported current smoking in 1997 or 1999 (n = 560), and women who provided samples collected during luteal days 4-10 (n = 516). All analyses were conducted using SAS version 9 (SAS Institute, Cary, NC). Reported P values are two-sided and considered statistically significant if P < 0.05.
Results
In this population of 603 premenopausal women, approximately one third (n = 206) reported being nondrinkers. Similarly, 45 % (n = 260) of women reported not drinking wine. Alcohol consumption ranged from 0 to approximately 60 g/day (approximately four drinks/ day). Participants were 43 years of age, on average, at the time of urine collection and 97 % were Caucasian. Participants reported few comorbidities overall at urine collection; 8 (1.3 %) women reported being diagnosed with diabetes, 35 (5.8 %) reported high blood pressure, and 58 (9.6 %) reported hypercholesterolemia. As reported previously in this study population [21] , those who consumed higher alcohol intakes also reported higher levels of overall physical activity and had lower BMIs than non-drinkers (Table 1) . Women who consumed more alcohol tended to consume more caffeine (e.g., 292 mg/day for those consuming >15 g/day of alcohol vs. 175 mg/day for non-drinkers), smoke (current smokers 9 vs. 4 %), and have irregular menstrual cycles (regular 89 vs. 95 %) ( Table 1) .
Total alcohol intake was positively associated with urinary estradiol levels (26 % higher among women consuming >15 g/d vs. non-drinkers; P trend = 0.03) ( Table 2) . No significant associations were observed for total estrogen metabolites (EM) or any other individual EM, including estrone, the other parent estrogen. Two of the methylated 2-catechol EM, 2-methyoxyestradiol and 2-hydroxyestrone-3-methyl ether, showed positive but non-significant trends with increasing total alcohol intake (P trend = 0.09 and 0.08, respectively). Finally, total alcohol intake was inversely associated with the 2-catechols/methylated 2-catechols ratio (15 % lower, P trend = 0.05) and non-significantly inversely associated with the 2-pathway/parent estrogens ratio (18 % lower; P trend = 0.09).
In contrast to total alcohol, wine consumption was positively associated with a number of EM measures (Table 3 ). Compared to non-drinkers, those who reported consuming five or more drinks/week of wine had significantly higher levels of total parent estrogens (17 % higher, P trend = 0.01), specifically estradiol (22 % higher, P trend < 0.0001). The 4-hydroxylation pathway was elevated among the heaviest wine drinkers (14 % higher; P trend = 0.04), but no significant associations were observed for the other two estrogen hydroxylation pathways or total estrogens and metabolites. Higher levels of 2-hydroxyestradiol (15 % higher, P trend = 0.03) and two of the methylated 2-catechol EM, 2-methyoxyestradiol (24 % higher, P trend = 0.001) and 2-hydroxyestrone-3-methyl ether (34 % higher, P trend = 0.02), and 4-hydroxyestrone (12 % higher, P trend =0.049) were also observed among those reporting the highest levels of wine intake. Wine consumption was inversely associated with 17-epiestriol (16 % decrease, P = 0.03), a metabolite in the 16-hydroxylation pathway; however, there was not a consistently inverse trend across increasing categories of intake. Finally, only one metabolic pathway ratio, the ratio of parent estrogens to 2-, 4-, and 16-pathway estrogen metabolites was associated with wine consumption (15 % higher, P trend = 0.01).
We conducted separate sensitivity analyses restricted to women (1) whose urine samples were collected during an ovulatory cycle (mid-luteal plasma progesterone levels ≥400 ng/dL), (2) whose urine samples were collected within 4-10 days of their next menstrual cycle, and (3) who were non-smokers. For the total alcohol analyses, some of the borderline positive associations became significant (e.g., 2-methoxyestradiol, 2-hydroxyestrone-3-methyl ether) as did some of the borderline inverse associations (e.g., 17-epiestriol, 2-catechols/methylated 2-catechols ratio) when the analyses were restricted to ovulatory women. Similar strengthening of the observed associations with alcohol intake was noted when analyses were restricted to women whose urine samples were collected within 4-10 days of their next cycle. In general, the positive associations observed for wine consumption became stronger in analyses restricted to ovulatory women or restricted to women with samples collected during the 4-10-day window. In analyses of non-smokers only, we observed similar patterns to those observed in all subjects, although the absolute levels of 2-catechols tended to be lower and levels of several 16-pathway EM higher among non-smokers. Lastly, we did not observe any evidence of significant and meaningful effect modification by age or BMI for total alcohol intake (data not presented). We observed significant interactions between age and BMI with wine Values are means (SD) or percentages. Numbers of subjects do not sum to 603 due to missing values for exposure a Measured at time of urine collection intake for several EM where there were significant main effects, including estradiol (age, P for interaction (Pint) = 0.02), 2-hydroxyestradiol (age, P-int = 0.03), 4-hydroxyesterone (age, P-int = 0.01), the 4-hydroxylation Adjusted for age (continuous), BMI (continuous), height (continuous), ovulatory cycle (yes/no), first morning urine sample (yes/no), luteal day (≤5, 6-7, 8-9, ≥10 days before the next menstrual period), menstrual cycle regularity (extremely regular, very regular, regular, usually/always irregular), menstrual cycle length (<26, 26-31, ≥32 days), caffeine intake (quartiles), physical activity (<3, 3-8.9, 9-17.9, 18-26.9, 27-41.9, ≥42 MET-h/week), and smoking status (current/former or never)
pathway (age, P-int = 0.01), and the parent estrogens/ estrogen metabolites ratio (BMI, P-int = 0.01). In stratified analyses, stronger associations were observed among older and heavier women (data not presented). 
Discussion
We evaluated the cross-sectional relationship between alcohol consumption and luteal phase urinary concentrations of individual and grouped EM and the ratios of selected metabolic pathways. This was the first study in a sample of premenopausal women to evaluate associations between alcohol and 15 EM in detail. Overall, total alcohol intake was not strongly associated with individual or grouped urinary EM, though a positive association with estradiol was observed. We observed that wine consumption, the type of alcohol most frequently consumed in our study population, was associated with higher urinary concentrations of estradiol, one of the 2-hydroxylation pathway catechols (2-hydroxyestradiol), two 2-pathway methylated catechols (2-methyoxyestradiol and 2-hydroxyestrone-3-methyl ether), the only 4-pathway catechol (4-hydroxyestrone), and the 16-hydroxylation pathway EM, 17-epiestriol. In addition, the ratio of parent estrogens/ estrogen metabolites increased with wine consumption.
Results for the associations between alcohol consumption and plasma sex hormone levels have recently been reported for a larger sample of premenopausal women (n = 2000) participating in the NHSII [10] . This larger sample, which analyzed selected plasma estrogen concentrations (estrogen, estradiol, estrone, and estrone sulfate), had the advantage of a greater range of alcohol intakes with more women in the upper tail of the distribution compared to the present study. Total alcohol and wine consumption (but not beer) were both significantly positively associated with plasma luteal estradiol concentrations. Compared to non-drinkers, those with the highest total alcohol and wine consumption had plasma luteal estradiol levels 27.2 and 17.3 % higher, respectively. Luteal estrone concentrations were also significantly positively associated with total alcohol ingestion. Luteal estrone concentrations were positively but not significantly associated with either wine or beer consumption. In the present study, we observed significant positive associations of total alcohol and wine with urinary luteal estradiol, though not estrone.
Few studies have evaluated the association between alcohol consumption and urinary estrogens or estrogen metabolites among premenopausal women utilizing urine collections timed within the menstrual cycle. A cross-sectional analysis from the Study of Women's Health Across the Nation (SWAN), including a racially diverse sample of 1881 women ages 42-52, did not observe an association between total alcohol consumption and the urinary follicular phase levels of 2-hydroxyestrone and 16α-hydroxyestrone [29] . Wine consumption was positively and significantly associated with urinary levels of 2-hydroxyestrone. In contrast, we observed a positive association between wine and luteal 2-hydroxyestradiol levels. Unfortunately, the SWAN did not collect any urine samples during the luteal phase of the menstrual cycle. Reichman and colleagues [9] conducted a controlled cross-over feeding study where premenopausal women (n = 34) were provided with either no alcohol or 30 g/day of alcohol (95 % ethanol in fruit juice) in random order. All food and other beverages consumed were also provided and body weight was monitored. This high level of alcohol consumption was associated with significant increases in luteal urinary estrone, estradiol, and estriol (15.2, 21.6, and 29.1 %, respectively), which were the only estrogens and estrogen metabolites measured.
Our results suggest that the type of alcoholic beverage may be important when studying associations with estrogen metabolism profiles. The recent study of 2000 women in NHSII also observed differences in associations between plasma luteal phase sex steroid concentrations and different types of alcohol consumption [10] . Unfortunately there are few available data to address the effects of long-term exposure to different alcoholic beverage types, including detailed frequency and quantity information on biological parameters (e.g., lipids, insulin, sensitivity, sex hormones) among premenopausal women. It is possible that the pattern of alcohol consumption differs by beverage type. For example, perhaps wine drinkers are more frequent drinkers (number of drinking days) at a similar overall quantity (number of drinks consumed) and higher frequency tends to influence estrogen metabolism profiles. Our data do not allow us to comprehensively explore this possibility. It is also possible that there is a dietary constituent other than ethanol that varies across types of alcoholic beverages and influences sex hormone metabolism. Wine, which is often consumed with a meal, is more accurately reported than other types of alcohol and there is less misclassification of this exposure in some cohorts; however, that has not been observed in the NHS cohorts [30] . Finally, there may be residual confounding by other lifestyle characteristics that differ among those who consume different types of alcoholic beverages; however, our adjustment for several lifestyle factors associated with alcohol use, such as smoking and caffeine intake, did not appreciably change the results. These results deserve further study in large samples with more variation in alcoholic beverage choice.
Estrogens are involved in several mechanisms which may affect hormone-related cancer risk including cellular proliferation, activation of the cytochrome P450 pathway thought to promote mutations, and induction of aneuploidy or aberrant cell replication that results in cells with the wrong number of chromosomes [31] . The interpretation of the findings in the current study relative to the role of alcohol in premenopausal breast cancer risk is difficult in part because the role of circulating and excreted estrogen metabolites in premenopausal breast cancer risk is not completely understood. Four prospective studies and a combined analysis of published studies have evaluated estrogen metabolites and breast cancer risk among premenopausal women and have reported conflicting results [14, 25, 32, 33] . A combined analysis of five published studies including premenopausal women by Dallal et al. [33] reported that higher urinary 2-hydroxyestrone:16α-hydroxyestrone was associated with a non-significant reduction in breast cancer risk. As reviewed by Ziegler and colleagues [34] , unfortunately, the early studies of estrogen metabolism measured only 2-hydroxyestrone and 16α-hydroxyestrone and used direct enzyme immunoassay methods which did not include purification steps. This likely contributed to the inconsistent results observed among early studies. In our prior nested case-control study conducted in the NHSII that included many of the participants from the current study, we reported that concentrations of urinary luteal phase parent estrogens and the ratio of parent estrogens to estrogen metabolites were inversely associated with risk for premenopausal breast cancer [25] . The present observation of higher levels of most EM with alcohol consumption would suggest that this may not be a mechanism by which the consumption of alcohol increases breast cancer risk. Alcohol could influence breast cancer through other mechanisms other than estrogen response, including producing acetaldehyde, a highly toxic metabolite that promotes fatty acid synthesis and reduces lipid oxidation, through the generation of reactive oxygen species, by altering the absorption and metabolism of protective antioxidant nutrients with the ability to reduce oxidative stress, and by affecting onecarbon metabolism pathways [35] [36] [37] [38] .
This study has a number of strengths including the large sample size of premenopausal women, the availability of first morning urine samples timed within the luteal phase of the menstrual cycle, and the use of a comprehensive LC-MS/MS assay that measures 15 estrogens and estrogen metabolites with high sensitivity, reproducibility, and accuracy with good precision. The assay has high reproducibility of luteal EM measurements over 3 years [26] . The alcohol data were collected by type allowing for the analysis of total alcohol and wine. In addition, many well-characterized potential confounding variables were considered in our analyses.
There are also several important considerations relative to this study. The measurement of a single urine sample may not accurately reflect true EM profiles nor is it known how well urinary EM concentrations represent levels in circulation or in the breast or other tissues. Among 110 participants in the Nurses' Health study II, correlations between luteal-phase urinary and plasma parent estrogens were 0.3-0.5 [26] . The lack of strong correlations between urinary and plasma estrogens suggests that it is possible that EM may provide additional insight into the relationship between estrogen and breast cancer risk. We only looked at luteal measures and cannot address the relationship between alcohol and EM measures at other phases of the menstrual cycle. Previous research supports the analysis of luteal phase estrogens among premenopausal women as reasonably reflective of long-term hormone levels, reflective of tissue levels, and more strongly associated with alcohol intake. For repeated samples collected over several years, the intraclass correlation coefficient (ICC; ratio of between-person variation/[between + within person variation]) for estrogen levels was higher during the luteal phase compared to the follicular phase [39] . A small study (n = 22) of premenopausal women reported that correlation between tissue and blood estrone levels was higher during the luteal phase (0.63) compared to the follicular phase (0.52) [40] . Hirko et al. [10] reported a positive association between alcohol intake and luteal plasma estrogens, but no association for follicular plasma estrogens. Lastly, Reichman and colleagues [9] assessed change in the levels of urinary estrone, estradiol, and estriol with alcohol consumption across the menstrual cycle but observed significant increases for urinary estrogens only during the luteal phase. In our study, alcohol consumption was self-reported and recalled over the previous year; however, in a validation study, alcohol intake collected by FFQ was very highly correlated (Spearmen r = 0.90) with that from dietary records [30] . Our data do not allow us to determine the timing of alcohol consumption during the day or week, the quantity consumed per drinking occasion or whether alcohol was consumed alone or with a meal, which may be relevant and may vary by beverage type. The study sample was primarily Caucasian and, compared to the overall population of US women, is of higher socioeconomic status (e.g., better educated, higher income) which potentially limits the generalizability of the results; however, underlying biology is not likely to differ by socioeconomic status or race/ethnicity. Our analyses were exploratory in nature; we looked at a number of different outcome variables without adjustment for multiple comparisons. If we had used a Bonferroni correction, at least some of our statistically significant results would not have reached statistical significance. Finally, compared to some other populations, alcohol consumption in this study was modest and relatively few women reported consuming spirits or beer. Available data suggest that overall alcohol consumption in our study was similar to reports for US women. In 2001-2002, the US National Institute for Alcohol Abuse and Alcoholism (NIAAA) administered a nationwide household survey to characterize alcohol consumption over the past year [41] . Among US adult women of all ages, approximately 60 % reported some current alcohol consumption (compared to 65.8 % in our study), and among those reporting alcohol consumption, approximately 13.3 % reported consuming more than one drink/day (compared to 9.4 % in our study). The data provided in the NIAAA report on the type of alcohol consumed are not directly comparable to our data; however, beverage preference (consuming ≥75 % of alcohol from a particular type) was highest for wine (∼25 %) among US women [41] . Interestingly, wine consumption increased between 1995 and 2000 among US women and was positively associated with educational status [42] . Although intakes appear modest in our study, meta-analyses of cohort studies have shown a 9 % increased risk for premenopausal breast cancer per 10 g ethanol/day (i.e., intakes similar to those in our two highest categories of total alcohol intake, >10-15 g/day and >15 g/ day-see Table 2 ) [6] . Thus, the etiologic role of estrogen in breast cancer in combination with our results, that alcohol consumers of >10 g/d have 20-26 % higher estradiol compared to non-drinkers, suggest that higher estrogen levels may be a mechanism by which alcohol increases breast cancer risk.
Conclusions
In summary, total alcohol intake was positively and significantly associated with urinary estradiol levels. Some differences in urinary estrogen metabolites were observed with wine drinking, when compared with non-drinkers. Additional studies of premenopausal women are needed to further explore the association of alcohol, particularly specific types of alcohol, on patterns of estrogen metabolism in blood, urine, and tissue.
